4 kHz in deriving the average HTL justified the change from 3 kHz to 4 kHz. The majority of compensation cases are for noise-induced hearing loss, where the most common frequency of maximal threshold elevation is 4 kHz, although quite frequently it is 6 kHz and occasionally 3 kHz.
Low and high fences Low and high fences are American terms used to describe arbitrary points on a scale which attempts to quantify disability in terms of hearing threshold level. The low fence is the HTL corresponding to transition between no disability (0%) and detectable disability. The high fence is the HTL corresponding to an effective total hearing disability (100%). These fences are more of an administrative convenience than a reality, since there is much variation between individuals, and such concepts are not particularly amenable to precise quantitative description. To define the low fence, three studies of persons with noise-induced hearing loss seem to be most relevant (Acton 1970 , Suter 1978 , Smoorenberg et al. 1982 . Their comparisons of results of measurements by pure-tone audiometry and by speech audiometry in a background of noise, and also by disability questionnaire in Acton's (1970) study, suggest low fence values for the 1, 2 and 3 kHz average in the range 15-19 dB HTL, as did Kryter (1973) in his scientific analysis of earlier data. Scaled for the 1, 2 and 4 kHz average, these results indicate a low fence of some 20 dB.
There are few data to define the high fence. The DHSS originally adopted 90 dB HTL for this, but later raised it to 110 dB HTL (for the 1, 2 and 3 kHz average). Whilst some hearing might well remain with an average of 110 dB, or even higher, the BAOL and BSA councils considered it unjust to deny the compensation appropriate to a 100% assessment to those individuals who may possess only a vestige of residual hearing; 100 dB was selected.
Relation between hearing threshold level (dB) and disability (%) From the above it is evident that the range 0-100% disability has to be encompassed within the impairment range of 20-100 dB average HTL. Should the relationship be linear, curved or sigmoid? Most of the data available concern the lower end of the scale. There is epidemiological evidence (Habib & Hinchcliffe 1978 , Prasansuk & Hinchcliffe 1978 ) that the disability increases slowly at first and accelerates thereafter. Audiological evidence likewise shows accelerating loss of speech discrimination with increasing HTL (Priede & Coles 1976) . Clinical experience lends further support for this concept: it also suggests that the high fence is reached gradually. Finally, the sigmoid configuration of speech audiometric curves has relevance in this context.
Thus, a sigmoid type of configuration was considered to be the most appropriate. However, for the user's convenience and for ease of description, the relation between impairment and disability was expressed in three linear segments, as follows: Segment 1. Disability rises by 1% per dB from 20 dB HTL (0%) to 40 dB (20%) Segment 2. Disability rises by 2% per dB from 40 dB HTL to 75 dB (90%) Segment 3. Disability rises by 0.4% per dB from 75 dB HTL to 100 dB (100%)
Binaural disability
It is recommended that binaural disability (%) should be calculated from the formula by which the disability percentage for the better ear is multiplied by 4 and added to the disability percentage for the worse ear, the sum then being divided by 5. This 4: 1 ratio is the same as that used by the DHSS. Countries other than the UK have various schemes using ratios from 2: 1 to 7: 1; the ratio of 4: 1 is thus an intermediate value. Moreover, recent epidemiological evidence (Davis & Haggard 1982) lends some support to the 4: 1 ratio as a practical value in the absence of more information. Their data analyses showed a sex difference, with ratios of 3: 1 and 10: 1 for men and women respectively. The geometric mean for these is 5.5: 1 but, since many more men than women make compensation claims for hearing disability, 4: 1 would seem to be a reasonable overall ratio.
Limitations in th-e assesment of disability-(1) The assessment method was devised primarily for sensorineural hearing loss of cochlear origin, but quite frequently there is a significant non-compensable conductive element. Such cases are not excluded from the method, but the disability assessment may require correction for this. Conductive hearing loss is ranked as equally disabling as sensorineural, and the procedure is justified on the grounds that it does not, in practice, appear to result in major inequities; and that the alternative, i.e. separate scales for assessment of conductive and sensorineural deficits, would be prohibitively complicated and of uncertain validity. The relation between impairment and disability does not, of course, apply to retrocochlear disorders, since a disproportionately greater speech discrimination loss is a characteristic and diagnostic feature of such conditions.
(2) The wording of the method of assessment refers to 'estimates' and 'guidelines', not to inflexible rules. It goes further in recommending that the examiner should draw attention to any evidence of substantially greater or lesser disability than indicated by the audiogram, or of distinctly greater or lesser handicap than might be expected from the disability.
(3) Neither tinnitus itself nor its effects can yet be quantified precisely, nor can its presence or severity be verified objectively. The assessment should presume the probability of tinnitus being present in many cases. This will tend to increase in degree pro rata to the HTL, but usually causes little lasting annoyance, sleep disturbance or other stress. If so, it would add nothing substantial to the overall hearing handicap. But where the examiner considers it to have a handicapping effect considerably greater than would normally be expected having regard to the HTL, he should add a qualitative description of the additional handicap.
Assessment of mixed impairments
In practice, there is often a multiple causation for hearing impairment. Deterioration associated with ageing processes is to be expected, but quite often a conductive defect is also present. When considering possible damage due to noise exposure, it is uncommon to find evidence of much damage by the noise if substantial conductive impairment is present in the same ear. This is almost certainly due to the protective effect of a conductive defect which reduces the noise energy reaching the internal ear. Occasionally, however, the conductive defect is of only recent origin, e.g. due to developing otosclerosis.
The subcommittee consider that, as a principle, the component of total disability which should be compensated is represented by the difference between the overall disability and that attributable to all the non-compensable components combined. In assessing these components, typical values for the threshold elevations associated with ageing processes, i.e. due to presbyacusis, can be obtained from published statistics; of these, the most authoritative are those of Robinson & Sutton (1978) , which are conveniently tabulated by Shipton (1979) . Conductive components can be estimated from the magnitude of the airbone gap.
The most immediate application of this principle concerns the reductions of disability assessment for the effects of increasing age ('presbyacusis correction'). Correction for presbyacusis should not be made until after the age at which presbyacusis alone may be expected to cause disability. This condition is taken to be reached when the median value of average HTL reaches 20 dB, which occurs after the ages of 66 years for men and 74 for women (Robinson & Sutton 1978) . After those ages, presbyacusis correction becomes applicable, and the method recommended is based on the expected median HTL values (average of 1, 2 and 4 kHz) for specified ages of men and women.
Another application of the principle concerns 'prognosis' allowance. The effect of such an allowance is to make provision for the expected increase in impairment, and thus in disability, likely to arise from presbyacusis as age increases. To the measured HTL, specified age-related additions are made up to the ages of 66 years for men and 74 years for women. Up to those ages, presbyacusis alone would not cause any disability, as defined, at the median level, i.e. the low fence is not passed. Thus, the expected increase of disability likely to take place up to these ages must effectively be due to the component of compensable hearing damage.
We may illustrate this by considering the assessment for compensation of a man aged 40, with noise-induced hearing loss and an average HTL of 35 dB, nominally equivalent to 15% hearing disability. Without any further noise exposure, this would typically have increased by a further 16 dB at age 66, thus giving a total HTL at that age of 51 dB, which equates to 42% disability.
In the previous two paragraphs, the arguments refer to the case where presbyacusis is the only non-compensable factor. Where the impairment includes some other significant noncompensable component, the impairment due to this will have to be added to that expected from presbyacusis in order to calculate the non-compensable disability. The principle of prognosis allowance is also extended to such cases where a significant non-compensable disability is'also present; in this case the prognosis allowance is added, for purposes of calculation, to the measured HTL and to the estimated non-compensable components.
The previous considerations depend on three assumptions. First, that the claimant is an average man or woman, i.e. conforms approximately to median expectations of extent of presbyacusis. Where there is definite evidence to suggest otherwise, the examiner should indicate this and suggest appropriately modified corrections or allowances. Secondly, that deteriorations due to noise exposure and associated with ageing are additive, which for moderate HTL values is probably justifiable; in such conditions, the authors are not aware of any conclusive evidence to the contrary. Thirdly, that the noise-induced hearing loss will not increase per se without any further noise exposure. Although there is some histological evidence in animals for increasing damage over a period of three months following a single severe noise exposure (Spoendlin 1983) , there is as yet no conclusive evidence of ordinary industnral noise-induced hearing loss having any tendency to increase without further exposure. Indeed, there is a suggestion in the work of Taylor et al. (1965) that a small degree of recovery may occur following retirement from a noisy occupation.
Apportionment
The question of how to apportion a disability arising from noise-induced hearing loss between different periods of noise exposure arises frequently in medicolegal work. It may be that a particular defendant would not be held to have been negligent before some specific date, because sufficient knowledge would not have been available up to that date to enable adequate preventive measures to be taken. It would be argued that liability should be limited to that part of the disability which arose from the furthe'r damaging exposure after the date in question. Another example is where the plaintiff has had periods of noise-hazardous work with more than one employer.
For both these cases, it is recommended that the disability be apportioned pro rata to the number of years in each period, provided that the noise environment had shown nro unusual features and that the noise exposure in terms of level and duration, with allowance for any hearing protection used, had in each year been approximately the same. Where this is not the case, correction to the duration of each period should be made on the 'equal energy' principle.
Simple apportionment of disability by duration of each period of exposure is attractive medically and legally, but its justification is not based merely on simplicity. The growth of noise-induced hearing loss with time has often been described in medical and scientific writings as being exponential. On this limited understanding, it is sometimes argued on behalf of defendants that most of the damage to hearing was done in the earlier period of noise exposure. We consider this to be an erroneous argument, for several reasons. Such an argument is only valid for threshold elevations at the most common frequency maximally affected by noise, i.e. 4 kHz. However, Taylor et al. (1965) have shown that the growth of impairment at the lower frequencies is almost linear with exposure duration. Figure 1 shows the hearing status of groups of female jute workers in Dundee with the duration of noise exposure as parameter. The ordinate is the presumed noise-induced threshold shift, which is the median hearing threshold level of the group minus the median predicted presbyacusis value appropriate to that age. Figure 1 illustrates the typical growth of noise-induced hearing loss. Consider now the data for the three groups with noise exposures of 15-19 years, 35-39 years and 40-52 years. There is little further increase in presumed threshold shift at 4 kHz from 17 years to 46 years of exposure, actually from 45 dB to 50 dB. The situation is quite different at 2 kHz where the increase is from 16 dB to 46 dB, and at 1 kHz increasing from 8 dB to 25 dB. Once the hearing acuity at the higher frequencies is severely impaired, the patient is increasingly dependent on the middle range of frequencies for hearing speech. As these progressively deteriorate with further noise exposure, it is evident that the effect of continuing noise exposure will be of much further increase in disability.
Compensation is for disability and handicap, not for impairment. It has already been pointed out that both disability ratings and speech discrimination loss exhibit an accelerating rate of growth with increasing HTL. Thus, although the rate of increase of noise-induced hearing loss with duration of exposure may diminish somewhat, such increases of hearing level result in greater effects in terms of percentage disability per decibel HTL. It was the recognition of these opposite effects which initially suggested the pro rata (additive duration) method of apportionment.
Finally, the data of Taylor et al. (1965) on noise-induced threshold shift as a function of years of exposure can be used to illustrate the disability assessment method and to calculate the disability likely to arise from various periods of noise exposure. Our calculations are shown in Table 1 . Consider the three groups of women with 15-19, 35-39 and 40-52 years of exposure, all of whom worked in the same noise environment. Their median estimated noise-induced threshold shifts averaged over 1, 2 and 4 kHz are shown; We assume for this example that persons in all three groups make their compensation claim at the age of 61, that age being selected since the majority of these workers started at the age of 15 and the oldest group have an average 46 years of exposure. By adding the appropriate presbyacusis a'NNA/e I value of 12 dB to each group, the overall HTL to be expected at that age is derived. The expected disability assessments according to our method can then be calculated. It can be seen that there is a close similarity between the number of years of exposure and the percentage disability. The particular values are coincidental, but we suggest that the proportionality is not. Although we do not wish to overemphasize the degree of proportionality shown, this study of noise-induced hearing loss, coupled with the assessment method rationalized above, lends strong support to the pro rata apportionment method.
Conclusion
It is hoped that this new method for assessment of disability in noise-induced hearing loss and other conditions eligible for compensation will prove to be helpful, and will not merely add yet another alternative method. By tackling some of the difficult problems of assessment of mixed impairments, presbyacusis, prognosis, apportionment, and socioacusis (considered to have minimal influence in this context), it is further hoped that it will become the usual method for assessment of common-law compensation claims in this country.
